Abstract-Doctoral programmes are facing several challenges in modern societies. The societal role of the University, funded by the state, requires it to: a) increase the offer and admission of third cycle students; b) to reach industry/companies expectations; c) to ensure reasonable employability prospects for the PhD candidates. With the current demography, most candidates can only find a job in industry/companies. Therefore, significant pressure is being put on doctoral programmes to include transferable skills in their curriculum. This paper presents a course "Fit for Industry?" aiming at filling this need. The course design methodology is presented in detail. It includes: a) the involvement of industry since its inception; b) the joint identification of a small number of key competencies to be addressed; c) the inclusion of assessment and feedback mechanisms in its design; d) an immersive and international dimension. It was found that the course had a profound impact on the candidates' perceptions of industry and valued by industry participants. Other stakeholders, such as PhD supervisors, also had a positive perception. The paper concludes with recommendations for those willing to replicate the course locally.
I. BACKGROUND
In recent years, the employment landscape for doctoral graduates has been changing significantly. On the one hand, there has been a significant reduction in the number of research and professorship positions available within universities, but on the other, there is a growing interest from industries in recruiting engineering doctoral graduates [1, 2] . Industry expectations on the performance of such graduates are for them to exceed the existing technical and scientific knowledge, particularly by leading the integration of innovative solutions with the appropriate recognition of customer requirements. It is also expected that such doctoral graduates have well-developed project management skills, interpersonal and collaborative ways of working, leadership and people management skills, as well as some business knowledge [3, 4, 5] .
However, relevant research about the integration of doctoral graduates reveals that 3 rd cycle studies does not adequately prepare them for employment outside academia [6, 7] . Even though it is recognized that doctoral education must increasingly meet the needs of the employment market [8] , engineering doctoral studies (still) develop highly technical profiles, solely focused on the development of research skills [9] . The studies point out that the competencies developed during their doctoral studies seem to be insufficient to fulfil the complete set of requirements of the functions targeted for this population and the expectations of the industry.
Therefore, there are gaps in the profiles of these doctoral graduates related to transversal competencies, formerly known as soft or generic skills that are expected to be used (transferred) in industry. Transversal competencies development opportunities (whether integrated in the curricula or trained extracurricularly by academia) are not, yet, widely and formally made available for PhD students and candidates. In fact, it is expected that PhD students and candidates develop those transversal competencies, which they will need for their functions if they pursue industry jobs, through 'learning by doing on the job', or elsewhere and on their own, i.e., with no formal guidance. On-the-job learning is, of course, an important way of learning, however, formal training opportunities can significantly add value to that learning process [10] .
Several reports about the assessment of doctoral programs and policy papers [11, 12, 13, 14, 15] have also been identifying the need to rethink 3 rd cycle curricula to make doctoral researchers competitive in employment opportunities outside academia. More emphasis needs to be given to preparing students for their future careers, many of which will not be in academia and most of which will require many more skills than those related to research. Thus, several countries have/are already finding new ways of organizing curricula, adding flexibility, and providing extra training opportunities, focusing on increasing the quality, efficiency and relevance of doctoral education [3, 9, 16] . The strategy is to develop researchers that are not only prepared for a career in the academia but who also possess competencies relevant for other sectors as well. [17, 16] .
It is, therefore, becoming more evident [8] that Higher Education institutional strategies should ensure that the doctoral programs and research training offers meet the formal development of transversal competencies opportunities. This means it is necessary a formal and explicit approach to promote the development of competencies that are transferable to the workplace.
In this context, the European project PEP-UP ("PhDs Enhanced for Prospects -ErasmUs Plus") was created to enhance the competencies of engineering doctoral candidates planning an industrial career, better preparing them for employment opportunities in industry. This paper focuses on the description of the transversal and transferable skills training program created by the project consortium to promote formal opportunities to develop such skills on PhD engineering candidates, its main features, the results achieved, and a reflection upon the need and value of such initiatives and their impact on the enhancement of doctoral careers in industry. The project's goal was to enhance the competencies of engineering doctoral candidate planning an industrial career, better preparing them for employment opportunities in industry. Thus, the project aimed to:
x create an opportunity for industrial partners to share information with HEIs about the competencies they desired in a PhD engineering graduate,
x this allowed for the identification of components of PhD education programs that needed to be emphasized to ensure engineering PhD doctorates are prepared for employment in industry and more capable in using their talents and training for the benefit of the economy, regions and society,
x and, provide engineering doctoral candidates with formal opportunities to assess their preparedness for an industrial career and become more capable in using their talents and training for the benefit of the economy, regions and society.
The strategy to accomplish these aims was to co-develop an intensive five-day training course for engineering doctoral candidates contemplating working in industry.
A. The competencies
This started by the joint identification of 10 key competencies in the transversal area, able to be transferred to an industry career.
They resulted from a year of research and discussions by the consortium comprising the universities, companies and regional partners, and critically reviewing the literature, local/national practices and needs for companies in industry. The competencies were: 
B. The learning objectives
With the key-competencies identified, the team has jointly developed a five-day intensive and immersive training course, named 'Fit for Industry?'.
Considering the local resources of each project partner, the course was delivered in 2 editions (Lyon in 2016 and Torino in 2017) from the 8 participating HEIs. Each HEI had to select, for each edition, 3 PhD candidates, so each edition had 24 participants from 8 HEIs.
'Fit for Industry?' course main objectives were:
x to develop the participants self-awareness of their competencies,
x to inform the participants on the main traits required by industry from their employees with a doctoral degree in engineering,
x to provide opportunities for the assessment of the participants' preparedness to a career in industry,
x to train the participants in key competencies required by industry for doctoral graduates
x to encourage them to adopt an economic and business perspective on their activity by establishing a continuous link between the scientific aspects of research and the development of knowledge and skills geared towards innovation and value creation in the business environment,
x and, set goals for personal future development and growth.
The course was looking to provide the engineering doctoral candidates with the following gains:
x Better self-assessment,
x Improved awareness,
x Transferable skills, x Valuable networks.
C. The program (themes for each module)
'Fit for Industry?' was organized with a general topic per day and objectives for each day, were:
x Day 1 aimed to "work self-discovery", with the following general objectives for the doctoral candidates: 1) Undertake a self-assessment of strengths and weaknesses; 2) Take part in an ice-breaker group challenge with all participants (doctoral candidates, trainers and experts); 3) Gain an understanding of how one can be ready for a move from research to industry.
x Day 2 was called "Branching out", with the following general objectives for the doctoral candidates: 1) Gain new skills in how to approach new situations; 2) Consider using different methodologies and tools for problem solving; 3) Learn how to interact with change and cause-effect relationships
x Day 3 was dedicated to personal leadership, with the following general objectives for the doctoral candidates: 1) Experience different working roles and relations within a team; 2) Understand one's own behaviour within a team; 3) Respond to personal feedback and learn to adapt one's own performance
x Day 4 focused on innovation for business, with the following general objectives for the doctoral candidates: 1) Develop ability to turn research into a commerciallyviable product; 2) Gain understanding of what drives innovation in industry; 3) Identify customer-centricity in one's own research to meet user needs and create value
x The last day was dedicated for doctoral candidates to evaluate whether they are "fit for industry" with the following general objectives for the doctoral candidates: 1) Gain the ability to self-reflect on what has been learned; 2) Consider changes to behaviour and how to perform them, based on what was learned; 3) Set goals for personal future development and growth
D. The teaching and learning methods
The course consisted of a week-long intensive and immersive program of different sessions. It included talks by experts (business leaders, PhD graduates working in industry and representatives from the partner regional authorities), workshops, feedback sessions, and social/networking events. These sessions delivered ten transversal skills, previously identified, to be transferred to an industry career. They resulted from a year of research and discussions by the consortium comprising the universities, companies and regional partners, and critically reviewing the literature, local/national practices and needs for companies in industry.
Each module activity focused on specific competencies, with the purpose of making participants aware of them, more prepared for employment in the industry and more aware of the career possibilities in industry. Participants worked in groups exploring "systems thinking", "business games", "stakeholder analysis", "creative thinking", and "technology commercialization". 
E. The assessment of learning
Each activity was conducted by a group of trainers (typically two), while the remaining trainers and experts were distributed by the teams. Their task was to observe individual and team dynamics, as indicated by the responsible for that activity. This organization was intentional so that learning could be constantly assessed, and feedback provided, focusing on the evolution of the participants' performance. In the middle and at the end of each activity there were deliberately planned moments for the observers to provide feedback to the participants. Some of these moments were devoted to feedback for the group and others to individual feedback. This aspect was central in the course design.
To help students better understand the evolution of their competencies, at the beginning of the training course the participants were requested to self-assess in the key ten competencies. Throughout and at the end of the course there were also moments of self-reflection and peer feedback on the evolution of these competencies. A later moment of selfreflection was repeated after 6 months upon the conclusion of the course. The idea was to provide continuity to the selfreflexion process and to ensure some extension of the results of the course in time.
F. The courses' evaluation
During the course implementation, evaluation took place internally and daily by industry experts and higher education academics (trainers). The goals were: a) to identify improvement points for the future editions of the course; c) to discuss possible changes to the course design so it better serves the interests of the various participants; d) to manage the dayto-day evolution of the course.
At the end of the course, a questionnaire was sent to the doctoral candidates focused on collecting data about their satisfaction and their feedback about the course.
One year after the course being concluded, an assessment (whose data sources were the Supervisors) was applied, focusing on the development of the transferability of what was learned by the participants in the course, namely on how they revealed in real situations.
III. RESULTS
Regarding the participants, the 1st edition This course made possible the creation of a new dynamic of dialogue involving universities, companies and government entities from different European regions, and particularly it made possible for participants to improve their knowledge about the competencies required by engineering doctoral candidates to increase their employability in industry. By bringing together doctoral candidates, academics, industry professionals, and managers with responsibilities in the private sector and in regional authorities a closer dialogue and awareness of the environment and work context and their needs was developed. Each partner was involved, by contributing to the design of the course and their particular view on priorities and constraints.
With this European project, academics were able to test and adjust a new course ('Fit for Industry?') to better prepare the doctoral candidates of their universities for industry jobs, and to look for a sustainable model to offer such course. Doctoral candidates were able to get to know industries expectations on them, to develop competencies that they had no formal ways of developing before -at least involving so many competencies in one same course -as well as to contribute for the design of the course for its future editions. Companies, besides being able to also contribute for the design of the course, were also able to "exchange ideas intensively with the various PhD programs at European technical universities and create an awareness there of the requirements from the industry", as mentioned by Rainer Schmidt-Rudloff, (PEPUP partner in the project Consortium, responsible for HR Future Work, Educational & Industrial Relations at Infineon Technologies AG).
Furthermore, Katrin Bergknapp (PEPUP partner in the project Consortium, PhD network coordinator/Talent manager at Infineon Technologies) added that companies also had "the opportunity to get to know certain PhD students and draw attention to [companies] Finally, regional entities were able to participate in the dynamic created of dialogue between universities and companies, which might be an important mechanism for their regional economic development.
The course was built including its own principles of feedback and self-reflection. After a first group of doctoral candidates took part in the first edition of the course at INSALyon (France), several refinements were made based on participants' feedback, and the trainers' and experts' analysis and assessment of how the various activities met their aim and objectives. Several adjustments were made, and incorporated into the second workshop, in Torino (Italy). The key lessons learned from the first edition that resulted in changes in the second edition were that:
x participants should be involved as much as possible during the workshop,
x quantity is not quality -the course should not have too many exercises,
x participants need time to reflect and write down their thoughts after the exercises,
x participants asked for individual feedback, not only feedback to the groups.
As a result, in the second edition the participation of everyone was increased and enhanced by creating more formal moments of feedback delivery. A clear explanation of roles of the involved stakeholders: the trainer feedback giver (trainer) and the feedback taker (doctoral candidates) was made. Every morning trainers were assigned with a set of doctoral candidates to observe and provide individual feedback. It was made very clear that someone receiving feedback should focus on understanding the actual feedback, enquiring the feedback giver to reinforce their understanding. The role of the feedback taker is not to explain their actions. Conversely, the feedback giver should be objective, factual, respectful and empathetic when giving the feedback. With regards the activities trainers and experts, they were instructed to perform few exercises per session, selecting a few that were most appropriate to assess and develop the targeted competencies, and to include time for feedback and self-reflection within their sessions.
During each edition of the course, trainers and experts met twice per day, before the first session of the day and after the end of the last session of the day. These moments were used to prepare the activities of the current or following day, and to evaluate the day activities and decide if changes should be made. Trainers and experts also met at the end of the course, to summarize the learnings of that week and to organize for future improvements of the course and its dissemination. At the end of the second course, the evaluation also focused on evaluating how such a course should work if it was to be implemented locally by each university and how it could be spread to other universities that were not partners of PEP-UP.
Enhancing these competencies through training will benefit doctoral candidate in the future, in their prospective workplaces, economy, regions and society. It will also improve their awareness of the range of possible career paths they may have in industry, making best use of their doctoral competencies.
IV. RECOMMENDATIONS, TRANSFERABILITY
Now that the project is over, the partners are committed to find ways to continue the work developed with a view to make it sustainable through local training programs that follow the methodology developed in the 'Fit for Industry?' course. Dissemination of the PEP-UP project experience is crucial to promote the creation of local training programs. During PEP-UP project, marketing material has been developed (website 1 , flyer, powerpoint presentation of the project) and several dissemination events have been carried out by academic partners to promote the project and the 'Fit for Industry?' course. The main target were doctoral candidates, PhD supervisors and other academic stakeholders, such as heads of universities. Moreover, the partner companies also carried out some actions to promote the project, namely its interest and potential for industry, through several talks and testimonials in newsletters. A manual and toolbox for other universities to prepare similar training course has also been prepared and can be made available upon request.
For local training programs to be possible, it is imperative that clear guidelines are created based on the learnings of this European project. The guidelines include:
x feedback is key in this program's philosophy, x local industry partners must be identified by the universities and should participate in the consortium as early as possible,
x the selection of participants is very important to make sure that doctoral candidate that participate in the course are truly engaged with its purposes and are not just following supervisors' indications, with no motivation to work on industry,
1 http://www.fit-for-industry.com
x a coordination of all observers should be performed on the first morning before starting the activities,
x groups of candidates must be formed in advance,
x observers must be allocated to candidates and be acquainted with their tasks and how to perform them in advance.
In order to adapt the course locally, by keeping its philosophy and including local constraints and expectations, some decisions might be made:
x Who should have the role of observer? It could be the trainers and experts, as was done in PEP-UP project, or external observers, or a mix of both. In justified cases, could former participants be considered as possible observers?
x What should be the role of industry in the process? Should they participate in student's selection?
x Will this be a 5-day course or a more compact 3-day version of the course?
x Should the 'Fit for Industry?' programme integrate local transversal courses available in the institution where it is being held?
x Should the 'Fit for Industry?' programme be integrated in local doctoral programmes?
x Should the course be an intensive and immersive program, requiring participants to travel to a place where they stay for 3 or 5 days (immersive learning) or should it be held in the participants' universities?
x Are credits to be allocated to the course?
As a more general remark, this course underlines the importance of an Erasmus+ programme for short term mobility in Europe. Such a programme funding immersive learning is not available and much needed. Such programmes could even have local and mobility editions.
The PEP-UP project consortium will always strive to maintain a communication base with other partners to exchange experiences and continue to improve the methodology.
